Aloe Plant (Liliaceae), Biologically Active Substances, Inhibitory Activity on Gastric Juice Secretion Several biologically active substances, such as aloenin (1), magnesium lactate, aloe-emodin (4), barbaloin (5), and succinic acid, were found to be contained in the leaf juice of A loe arborescens Mill. var. n atalensis Berger, which has widely been used in domestic medicines. Aloenin (1) and magnesium lactate were elucidated to exhibit an inhibitory action on the gastric juice secretion of rats. Various constituents other than the above bioactive substances were found in the leaves and the roots of the plant.
The chemical constituents of the plants of Aloe species used widely in domestic medicines have been investigated by several groups of w o rkers1-16, and the anthraquinone derivatives of the constituents have been reported to be effective as a peptic or a laxative ^ 2. In this country, A loe arborescens Mill, var. natalensis Berger (Japanese name: Kidachirokai or Kidachiaroe) has traditionally been used as the m aterials for folk remedies for gastro-intestinal disturbances, burns, insect bites, athlet's foot, and etc. We recently isolated a new bitter glucoside, named aloenin (1 ), as a m ajor constituent from the leaf juice of this plant, and elucidated its struc ture 8' 10" 14,17 and biosynthetic pathway 18. Nishioka et al., on the other hand, found 2 , -0-feruloylaloesin ( 2 ) 12, 2 //-0-p-coumaloylaloesin ( 3 ) 12, and aloearbonaside 9 in the leaves of the plant; the last compound was identified with aloenin (1 ) . Since chemical con stituents other than these compounds, 1, 2, and 3, have not been examined yet with the A loe arbo rescens, we have now investigated the constituents of the leaves and the roots to clarify whether the Aloe plants contain the biologically active substances which are effective for the folk remedies materials. emodin (4) x, barbaloin (5) 1, aloesin (6) 6, suc cinic acid, D-glucose, and magnesium lactate. Al though the anthraquinone derivatives, (4) and (5 ), and aloesin (6) have been reported to be present in other Aloe species 11 6, this has not been the case for A loe arborescens. The dry-incinerated sample of the leaf juice was further found to contain the metal ions composed mainly of potassium and sodium atoms on spectroscopic analyses. In addition, a methanol extract of the leaf residue consisted of n-alkanes, n-triacontanol, n-dotriacontanol, sito sterol, free fatty acids, and fatty acid methyl esters. On the other hand, a methanol extract of the roots was found to be composed of n-alkanes, aloe-emodin (4 ), sitosterol, 1-linoleyl monoglyceride, fatty acids, fatty acid methyl esters, 3-0-[/?-D-glucopyranosyl] -sitosterol, D-glucose, and magnesium lactate.
Since the leaf materials of the Aloe plant are fre quently used as the folk remedies materials for gastro-intestinal disturbance, an effect of the con stituents on the gastric juice secretion was tested fol lowing Shay's method 19. As the result, aloenin (1)
R esults and D iscussion
The leaves of the Aloe plant were minced and squeezed to give a green juice and a residue. We isolated eight constituents from the leaf juice on chrom atographic separation, and identified them as aloenin (1) 17, 2//-0-feruloylaloesin (2) 12, aloe- and magnesium lactate were proved to exhibit the inhibitory activity on the gastric juice secretion, as shown in Table I . Here, we wish to point out that a substance, named aloe-ulcin, with an inhibitory action on histidine decarboxylase has been reported to be isolated from " Cape Aloe" 16, but it has re mained unidentified. However, it has now been found that the substance should be magnesium lactate on the ground of complete agreement of its infrared spectrum with that of magnesium lactate.
In conclusion, it is fascinating to note that the leaves of Aloe arborescens were found to contain aloenin (1) and magnesium lactate which both exhibit an inhibitory activity on the gastric juice secretion and the latter an inhibitory action on histidine de carboxylase, aloe-emodin (4) and barbaloin (5) which are used in the laxatives, and succinic acid which is effective for arthritis and rheum atic fever in a combination with salicylate. E x p e rim e n ta l Mps were determined by means of a hot plate and are uncorrected. GLC analyses were perform ed on an instrument attached with FID and a column (2 m x 3 mm) packed with 10% PEGS or 2% SE-30 on Celite ( 6 0~8 0 mesh) and 2% OV-17 on Chromosorb AW-DMCS (80 ~ 100 m esh ).
Extraction and isolation. A fter cuttings of the lateral buds (ca. 5 cm long) of the Aloe plant had been planted and then cultivated on pots for 3 ~ 4 years, the leaves (3.7 kg) were collected in late April, minced mechanically and squeezed on a three fold gauze to give a green leaf juice. The leaf juice on evaporating to dryness on a steam bath afforded a brown viscous mass, which was subjected to column chromatography on silica gel with CHC13 -MeOH m ixture with MeOH increasing 0 to 100% and then with H 20 , and then to preparative TLC on silica gel with CHC13 -MeOH ( 4 : 1 ) to give aloe-emodin (4) (205 m g), barbaloin (5) (120 m g), 2r,-0-feruloylaloesin (2) (38 m g), aloenin (1) (1.78 g ), aloesin (6) (13 m g), succinic acid (1.68 g ), D-glucose (521 m g), and magnesium lactate (419 mg) in order of their polarity. The leaf residue separated from the leaf juice, on the other hand, was immersed in MeOH at room temp, for one m onth. Removal of the solvent from the methanol solution gave a brown viscous sirup, which on diluting with ether was treated with 2% N aH C 03 to separate an acidic fraction (0.63 g) and a neutral fraction (5.72 g ) . The acidic fraction, upon methylation with CH2N2 and then chromato graphy on a gas chromatograph, was found to be composed m ajorly of fatty acids. A part (2.0 g) of the neutral fraction was chromatographed on a silica gel column with ra-hexane-EtOAc m ixture with EtOAc increasing 0 to 30% to give n-alkanes (10 m g), fatty acid methyl esters (75 m g), ntriacontanol (21 m g), n-dotriacontanol (9 m g), and sitosterol (15 m g).
The roots (3.5 kg) of the above Aloe plant were immersed in MeOH at room temp, for one month. A methanol extract obtained by removing the solvent from the methanol solution was extracted with ether to give an ether soluble fraction and an ether in soluble one. The ether soluble fraction (581 mg) was subjected to preparative TLC (S i0 2) with nhexane-EtOAc ( 7 : 3 ) to give n-alkanes (6 m g ), fatty acid methyl esters (226 mg), sitosterol (53 mg), aloe-emodin (4) Determinations of the fatty acid com positions of the free fatty acid and the fatty acid methyl ester fractions were performed by means of GLC. However, the free fatty acids, after methyla tion with CH2N2 , were subjected to the chromato graphy. The results are given in Table II . n-Alka- An in hibitory action of several com ponents on the gastric acid secretion. An inhibitory action of several components, such as given in Table I , on the gastric juice secretion was tested following Shay's m eth o d 19. Male rats of Donryu strain 130 ~ 170 g in body weight were used for the bioassay. The volume and pH of the gastric juice secreted during 4 hr after oral administration of the samples through a gastro-tube are shown in Table I .
